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INTRODUCTION 

Subcutaneous  adipose  tissue  is  known  to  provide  insulatory  benefits  to 
humans  during  immersion  in  cold  water  (1-3).  Individuals  with  greater 
subcutaneous  fat  demonstrate  smaller  physiological  and  thermal  adjustments 
during  cold-water  immersion  and  greater  exercise  tolerance  when  contrasted  to 
more  lean  individuals  (4-6).  However,  far  less  is  known  about  the  impact  of 
morphological  and  dimensional  differences  between  individuals,  such  as  body 
mass  and  surface  area-to-mass  ratio  (Afywt-*),  on  the  thermoregulatory 
adjustments  to  cold-water  exposure. 

The  thermal  and  metabolic  responses  between  individuals  who  differ  in 
body  mass  and  morphology  may  be  further  altered  by  movement  of  the  limbs  as 
in  exercise  compared  to  rest.  When  compared  to  rest,  water-immersion  exercise 
in  cold  water  has  been  shown  to  either  increase  (7,8)  or  decrease  (2,9)  the  rate  of 
decline  in  deep  body  temperature.  Finally,  comparative  data  for  cold-water 
exposures  during  rest  and  exercise  between  genders  who  generally  display 
morphological  and  dimensional  differences  are  relatively  meager. 

The  purpose  of  this  presentation  is  to  summarize  the  recent  experimental 
observations  from  our  laboratory  and  from  government  contracted  collaborative 
research  with  our  laboratory  that  directly  addresses  these  topics.  Therefore, 
this  paper  will  primarily  focus  on  the  influence  of  body  mass,  morphology  and 
gender  on  thermal  and  metabolic  responses  during  both  rest  and  exercise  after 
cold-water  exposure. 

METHODS 

Series  1.  A  series  of  experiments  were  conducted  to  describe  the 
metabolic  and  thermoregulatory  responses  between  genders  during  both  rest  and 
exercise  (36  W)  for  one  hour  in  air  (25-28°C)  and  in  water  at  20,  24  and  28°C. 
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The  physical  characteristics  of  the  subjects,  test  protocol  and  associated 
methodology  have  been  described  in  detail  previously  (1,  2);  nevertheless,  a  brief 
summary  of  pertinent  information  necessary  for  this  presentation  is  provided. 
Ten  Caucasian  college-aged  male  volunteers  were  categorized  as  low  (<  12%, 
n=4),  average  (15-18%,  n=4),  and  high  (>22%,  n=2)  in  percent  body  fat  while 
eight  female  volunteers  of  similar  age  were  classified  as  low  ( <  22%,  n=4)  and 
average  (24-27%,  n=4).  However,  two  sub-groups  between  genders  (n=4  each) 
were  evaluated  that  had  similar  (P  >  0.05)  percent  body  fat  and  total  skinfolds, 
but  differed  (P  <  0.05)  in  weight,  lean  body  weight,  limb  divided  by  trunk  skinfold, 
Ajj,  and  Ajywfl. 

All  testing  in  air  and  water  at  each  of  the  three  water  temperatures  (Tw) 
during  both  rest  and  exercise  was  randomly  assigned.  During  all  tests  in  both  air 
and  water,  the  subjects  wore  nylon  swim  suits.  Experiments  in  water  were 
conducted  with  the  subjects  immersed  to  the  level  of  the  first  thoracic 
vertebrae.  During  the  resting  experiments,  the  subjects  sat  quietly  for  one  hour 
during  each  exposure  while  for  the  exercise  experiments  subjects  pedalled  an 
arm-leg  ergometer  at  30  rpm  for  a  similar  time  period.  All  water  experiments 
were  performed  in  stirred  water  which  was  maintained  within  +0.5°C  of  the 
target  Tw. 

Percent  body  fat  was  determined  by  hydrostatic  weighing  while  mean 
skinfold  thickness  was  evaluated  from  the  average  of  10  skinfold  sites. 
Metabolic  measurements  were  evaluated  using  standard  techniques  for  open- 
circuit  spirometry.  Rectal  temperature  (Tre)  and  mean-weighted  skin 
temperature  (T^)  which  was  determined  from  three  sites  (forearm,  chest  and 
calf)  were  continuously  monitored  during  both  rest  and  exercise. 

Series  2.  Another  series  of  experiments  were  completed  to  describe  the 
metabolic  and  thermoregulatory  responses  of  male  volunteers  differing  in  body 


morphology  and  mass  during  both  rest  and  exercise  in  water  at  26°C  for  one  hour 
duration.  The  physical  and  morphological  characteristics  of  these  subjects  (10), 
test  protocol  and  associated  methodology  (10-12)  have  been  presented  in  detail 
elsewhere;  therefore,  only  a  brief  description  will  be  reported.  Ten  male 
subjects  were  divided  into  large  mass  (LM)  and  small  mass  (SM)  groups  (n=5, 
each)  in  an  attempt  to  maximize  differences  in  body  mass  and  Ajywt-*,  but 
match  groups  for  both  subcutaneous  and  total  body  fat.  The  two  groups  were 
found  to  differ  (P<0.05)  in  total  body  weight,  lean  body  weight,  Ajywf*,  arm 
and  leg  volumes,  but  were  similar  (P>0.05)  in  percent  body  fat  and  total 
skinfolds  (10). 

Prior  to  all  experimentation,  subjects  sat  quietly  in  a  room  with  a  Ta-22°C 
while  wearing  nylon  swim  suits.  Then,  subjects  either  rested  on  a  chair  or 
performed  leg  exercise  on  a  modified  water  ergometer  at  a  moderate  exercise 
intensity  (\C>2  **  1.5  4*min“l)  for  one  hour  while  immersed  to  the  neck  in  stirred 
water  at  26°C  (+  0.5°C).  These  experiments  were  conducted  in  a  systematically 
varied  fashion. 

Similar  measurements  and  techniques  as  described  above  for  Series  1  were 
also  employed  for  these  experiments.  However,  esophageal  temperature  (Te$) 
was  also  measured  and  tissue  insulation  (I)  calculated.  In  comparison  to  Series  1, 
total  skinfold  thickness  was  evaluated  from  11  skinfold  sites  while  was 
determined  from  five  sites  (calf,  thigh,  chest,  triceps  and  forearm). 

Statistical  analysis.  For  the  series  1  experiments,  independent  or  paired  t 
tests,  analysis  of  variance  for  repeated  measures  and  Duncan's  multiple  range 
tests,  and  in  some  instances  Pearson  product- moment  correlation  coefficients  (r) 
were  employed  (1,2).  For  the  series  2  experiments,  analysis  of  variance  for 
repeated  measures  with  the  Tukey  multiple  range  and  interaction  post  hoc  test, 
and  Pearson  product-moment  correlations  coefficients  were  utilized  (10).  In  all 
instances,  the  0.05  level  of  significance  was  chosen  for  these  analyses. 
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RESULTS  AND  DISCUSSION 

Table  1  presents  selected  observations  from  the  series  1  experiments 
between  genders  with  comparable  levels  of  body  fat  (16.8%,  men;  18.5%, 
women).  During  rest  at  all  three  Tw,  the  decline  in  Tre  over  the  1-h  immersion 
period  was  greater  for  the  women  as  compared  to  the  men  being  statistically 
significant  at  20  and  24°C.  Although  not  statistically  significant,  the  Tre  to  Ts|< 
thermal  gradient  was  always  greater  for  the  men  while  final  Ts|<  was  consistently 
higher  for  the  women.  While  the  women  demonstrated  a  greater  decline  in  Tre, 
their  resting  metabolic  rate  (M)  was  not  seen  to  differ  significantly  from  the 
men  at  any  of  these  Tw  after  1-h  of  immersion.  During  exercise  at  all  three  Tw, 
the  differences  between  genders  after  the  1-h  immersion  period  for  ATre,  final 
Tre»  final  Ts|<,  final  Tre-Ts^  and  absolute  M  (W)  were  not  statistically  significant 
(P>0.05).  The  M  in  relation  to  surface  area  was  also  not  different  between 
genders  during  exercise  at  all  three  Tw  for  these  same  experiments  (2). 


INSERT  TABLE  1  ABOUT  HERE 


Table  2  displays  selected  findings  from  the  series  2  experiments  comparing 
men  divided  into  two  groups  in  order  to  maximize  differences  in  body  mass  and 
A(ywt~l  while  minimizing  differences  in  subcutaneous  and  total  body  fat 
between  groups.  During  rest,  the  M,  Tre  and  Tjk  did  not  differ  (P  >  0.05) 
between  groups  after  60  min  of  exposure  at  26°C.  However,  Tes  was 
significantly  lower  (P<0.05)  for  the  LM  group  during  the  same  resting 
experiments  at  60  min,  but  the  change  in  Tes  from  pre-immersion  to  final  values 
did  not  differ  (SM,  -0.2OC;  LM,  -0.4oc)  between  groups  (10).  Tissue  insulation  (I) 
during  rest  was  seen  to  be  higher  (P  <  0.05)  for  the  LM  compared  to  SM  group  at 
60  min.  During  exercise,  M,  Te$,  Tre,  Ts^  and  I  did  not  differ  significantly 
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(P>0.05)  at  60  min  between  groups.  In  general,  experimental  findings  from 
additional  rest  and  exercise  tests  on  these  same  subjects,  but  performed  in  IS 
and  30°C  water,  provided  support  for  the  above  observations  during  immersion  in 
26°C  water  (13). 


INSERT  TABLE  2  ABOUT  HERE 


During  rest  in  cold  water,  metabolic  rate  might  be  expected  to  differ 
between  genders  and/or  groups  differing  in  body  mass  making  the  interpretation 
of  findings  difficult.  Thus,  a  constant  intensity  of  leg  exercise  was  also 
employed  in  these  experiments  to  help  eliminate  this  inter-individual  variability 
in  metabolism  (10).  Further,  exercise  with  the  legs  only  has  been  recently  shown 
to  be  more  effective  than  rest  in  preventing  the  decline  in  core  temperature 
over  time  in  both  cool  (30°C)  and  cold  (18-20°C)  water  (11).  Figure  1  illustrates 
that  1  h  of  leg  exercise  resulted  in  higher  internal  temperature  responses  (either 
Tes  or  Tre)  when  compared  to  rest  (11).  In  contrast,  arm  and  combined  arm-leg 
exercise  were  not  as  effective  as  strict  leg  exercise  in  preventing  the  drop  of 
core  temperature  in  cold  water  as  shown  in  Figure  2  (12).  Figure  3  indicates 
greater  conductive  and  convective  heat  loss  after  45  min  of  exercise  in  cold  , 
water  while  employing  the  arms  as  compared  to  strict  leg  exercise  (12).  Mean 
weighted  heat  flow  was  area  weighted  from  five  sites  (back,  forearm,  triceps, 
calf  and  thigh)  in  these  experiments.  In  our  series  1  or  series  2  experiments,  rest 
(1,2,10),  arm-leg  exercise  (1,2)  and  strict  leg  exercise  (10)  were  evaluated. 


INSERT  FIGURES  1,2  AND  3  ABOUT  HERE 
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During  our  rest  experiments  in  cold  water,  the  women  with  the  same 
percent  body  fat  as  the  men  were  found  to  have  greater  difficulty  in  maintaining 
Tre  when  compared  to  these  men  (1).  It  should  be  noted  that  these  women  had  a 
smaller  lean  body  mass  and  a  relatively  larger  A[ywt~l  than  the  men  indicating 
the  importance  of  a  larger  inactive  muscle  mass  in  providing  added  insulation  for 
the  men  during  resting  exposures  in  cold  water.  However,  these  same  authors 
suggest  the  possibility  that  the  sensitivity  of  the  thermogenic  responses  may  be 
enhanced  in  men  when  compared  to  women  during  rest  in  cold  water  (1).  The 
thermal  response  contrasts  between  the  large-mass  and  small-mass  groups  of 
men  during  rest  in  cold  water  further  support  the  concept  of  added  insulatory 
potential  being  associated  with  a  larger  muscle  mass  but  for  a  subject  population 
of  the  same  gender  (10).  Whereas  these  two  groups  were  similar  in  terms  of 
percent  body  fat  but  differed  in  total  body  mass,  lean  body  mass  and  Ajywfl, 
the  large  mass  group  most  likely  defended  deep  body  temperature  by  employing  a 
greater  volume  of  muscle  tissue  to  provide  insulation  without  an  increase  in 
muscle  metabolism.  In  contrast,  the  small-mass  group  appeared  to  increase 
metabolism  twofold  between  pre-immersion  and  final  immersion  values  in  order 
to  defend  deep  body  temperature  in  cold  water  (10). 

During  exercise  in  cold  water,  a  different  picture  emerges  as  the  active 
skeletal  muscle  mass  becomes  perfused  with  warm  blood  and  looses  its  resistance 
for  heat  transfer  from  the  body  core  to  water.  When  a  major  portion  of  the 
muscle  mass  is  perfused  by  warm  blood  during  exercise,  all  metabolic  and 
thermal  responses  are  similar  between  either  men  and  women  (2)  or  large-mass 
and  small-mass  groups  of  men  (10)  despite  significant  differences  in  Ajywt-*  and 
body  mass  between  groups.  However,  further  data  from  our  laboratory  indicate 
that  the  distribution  of  the  active  muscle  mass  during  exercise  is  an  important 
consideration  (12).  Arm  exercise  results  in  greater  conductive  and  convective 
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heat  loss  than  strict  leg  exercise  in  cold  water.  This  probably  results  from  (a) 
less  fat  insulation  on  the  arms,  (b)  perfusion  of  an  equal  cardiac  output  to  a 
smaller  muscle  mass  causing  greater  blood  flow  per  unit  limb  volume,  and/or  (c) 
a  shorter  axial  conductive  pathway  from  core  to  surface  in  the  arms  than  legs 
(14).  Further  experimentation  is  necessary  to  fully  understand  the  impact  of 
exercise  type  on  thermal  responses  during  cold-water  immersion. 

In  conclusion,  when  these  findings  are  taken  collectively,  it  would  appear 
that  the  water  temperature,  body  mass,  and  the  exercise  type  and  intensity  are 
more  critical  factors  to  be  considered  in  preventing  a  decline  in  deep  body 
temperature  during  cold-water  immersion  than  body  fat,  surface  area-to-mass 
ratio  and  gender.  We  believe,  however,  that  this  conclusion  is  more  applicable  to 
individuals  at  exercise  rather  than  rest  during  cold-water  immersion. 


ACKNOWLEDGEMENTS 


The  authors  gratefully  acknowledge  Ms.  Dorothy  Leader  for  her  technical 
assistance  in  preparing  the  manuscript. 

The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the 
authors  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  decision,  unless  so  designated  by  other  official  documentation. 


Approved  for  public  release;  distribution  unlimited. 


9 


REFERENCES 

1.  McArdle  WD,  Magel  3R,  Gergley  T3,  Spina  R3,  Toner  MM.  Thermal 
adjustment  to  cold-water  exposure  in  resting  men  and  women.  3  Appl 
Physiol  1984;  56:1565-1571. 

2.  McArdle  WD,  Magel  3R,  Spina  R3,  Gergley  T3,  Toner  MM.  Thermal 
adjustment  to  cold-water  exposure  in  exercising  men  and  women.  3  Appl 
Physiol  1984;  56:1572-1577. 

3.  Strong  LH,  Gee  GK,  Goldman  RF.  Metabolic  and  vasomotor  insulative 
responses  occurring  on  immersion  in  cold  water.  3  Appl  Physiol  1985; 
58:964-977. 

4.  McArdle  WD,  Magel  3R,  Lesmes  GR,  Pechar  GS.  Metabolic  and 
cardiovascular  adjustment  to  work  in  air  and  water  at  18,  25  and  33°C.  3 
Appl  Physiol  1976;  40:85-90. 

_  s  O 

5.  Nadel  ER,  Holme  r  I,  Bergh  V,  Astrand  PO,  Stolwijk  3 A.  Energy  exchange 
of  swimming  man.  3  Appl  Physiol  1974;  36:465-471. 

6.  Pugh  LG,  Edholm  OG,  Fox  RH,  et  al.  A  physiological  study  of  channel 
swimming.  3  Clin  Invest  1960;  37:538-547. 

7.  Hayward  3S,  Eckerson  3D,  Collis  ML.  Effect  of  behavioral  variables  on 
cooling  rate  of  man  in  cold  water.  3  Appl  Physiol  1975;  38:1073-1077. 

8.  Keatinge  WR.  The  effect  of  work  and  clothing  on  the  maintenance  of  the 
body  temperature  in  water.  Q  3  Exp  Physiol  1961;  46:69-82. 

9.  Craig  AB  3r,  Dvorak  M.  Thermal  regulation  of  man  exercising  during 
water  immersion.  3  Appl  Physiol  1968;  25:28-35. 

10.  Toner  MM,  Sawka  MN,  Foley  ME,  Pandolf  KB.  Effects  of  body  mass  and 
morphology  on  thermal  responses  in  water.  3  Appl  Physiol  1986;  60:521- 


'  j.’*  v*-  >  .■«'  - 


■- 


.V  •-  .  .  A  .  .  A.  .A  \  AAA.V 


11.  Toner  MM,  Sawka  MN,  Holden  WL,  Pandolf  KB.  Comparison  of  thermal 
responses  between  rest  and  leg  exercise  in  water.  3  Appl  Physiol  1985; 
59:248-253. 

12.  Toner  MM,  Sawka  MN,  Pandolf  KB.  Thermal  responses  during  arm  and  leg 
and  combined  arm-leg  exercise  in  water.  3  Appl  Physiol  1984;  56:1355- 
1360. 

13.  Toner  MM,  Foley  ME,  Holden  WL,  Sawka  MN,  Pandolf  KB.  Effect  of  body 
mass  on  thermal  responses  during  rest  and  exercise  in  water  at  18  and  30°C 
(Abstract).  Federation  Proc  1983;  42:338. 

14.  Sawka  MN.  Physiology  of  upper  body  exercise.  In:  Pandolf,  KB,  ed. 
Exercise  and  Sport  Sciences  Reviews.  New  York:  Macmillan  Publishing 
Company.  1986:175-211. 


TABLE  1.  Metabolic  and  thermoregulatory  responses  between  genders  of  similar  percent 
body  fat  for  rest  and  exercise  during  immersion  (~l-h)  in  water  at  20,  24  and  28°C. 


Male 

20°C 

Female 

Diff 

Male 

24°C 

Female 

Diff 

Male 

28°C 

Female  Diff 

Rest 

ATre<°C) 

-1.1 

-1.6 

-0.5* 

-0.5 

-1.2 

-0.7* 

-0.5 

-0.9 

-0.4 

Final  Tre(°C) 

36.1 

35.7 

-0.4 

36.6 

36.2 

-0.4 

36.5 

36.6 

0.1 

Final  Tsk(°C) 

21.4 

22.3 

0.9 

24.7 

25.2 

0.5 

2S.3 

28.8 

0.5 

Final  Tre-Tsk(°C) 

14.7 

13.6 

-1.1 

11.7 

11.1 

-0.6 

8.2 

7.8 

-0.4 

Final  M  (W) 

212 

205 

-7 

142 

163 

21 

118 

135 

17 

Exercise 


A  Tre(°C) 

• 

o 

1 

-0.5 

0.2 

-0.1 

-0.1 

0.0 

0.2 

0.2 

0.0 

Final  Tre(°C) 

36.6 

37.2 

0.6 

37.4 

37.4 

0.0 

37.2 

37.7 

0.5 

Final  Tsk(°C) 

21.3 

21.2 

0.1 

24.8 

24.9 

0.1 

28.3 

28.8 

0.5 

Final  Tfg-Tjk(®C) 

15.4 

16.1 

0.7 

12.6 

12.5 

0.1 

8.9 

9.0 

0.1 

Final  M  (W) 

340 

330 

-10 

291 

357 

66 

305 

343 

38 

*  Statistically  significant  at  the  P  <  0.05  level. 
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TABLE  2.  Metabolic  and  thermoregulatory  responses  between  large-mass  and  small-mass 
groups  for  rest  and  exercise  during  immersion  after  60  min  in  water  at  26°C. 


Rest 

Large  Small  Diff 


Exercise 

Large  Small  Diff 
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FIGURE  LEGENDS 

Fig.  1.  Comparison  between  rest  and  strict  leg  exercise  of  esophageal  (Tes)  and 
rectal  (Tre)  temperatures  after  60  minutes  in  cool  (30°C)  and  cold  (1S-20°C) 
water. 

Fig.  2.  Change  (A)  in  rectal  temperature  responses  after  45  minutes  of  exposure 
for  arm,  combined  arm-leg,  and  leg  exercise  at  water  temperatures  (Tw)  of  20, 
26  and  33°C. 


Fig.  3.  Final  mean  weighted  heat  flows  after  45  minutes  of  exposure  for  arm, 
combined  arm-leg,  and  leg  exercise  at  water  temperatures  (Tw)  of  20,  26  and 
33<>C. 


